INTRODUCTION
Damage in composite laminates consists of the development and accumulation of numerous defects. The basic failure mechanisms, i.e., intralaminar and interlaminar matrix failures, have been observed and identified [1-3].
They can be studied and characterized by means of a variety of nondestructive methods, such as X-radiography, ultrasonics, acoustic emission, and edge replication.
Under fatigue conditions, damage in crossply laminates consists of transverse matrix cracking, longitudinal matrix cracking, delaminations at the intersection of matrix cracks, and fiber fractures [4] .
Damage development depends on the applied cyclic stress level and consists of three stages: The state of damage is intimately related to the three most important properties of the material, stiffness, strength and life. Of these three properties, stiffness is related to damage in a more deterministic way.
Furthermore, stiffness can be measured frequently during damage development in a nondestructive manner. Thus, stiffness is an important measure of damage The most commonly monitored stiffness component is the axial modulus which is dominated by tho n-deq plies. Therefore, this modulus is only mildly sensitive to transverse matrix cracking and insensitive to longitudinal matrix cracking and delamination. The axial modulus decreases with transverse crack density up to the limiting value (CDS level). Thereafter, it remains nearly constant over a long portion of the fatigue life, up to the point where excessive fiber breakage occurs just prior to failure. Since longitudinal cracking is a critical failure mechanism and a precursor to final failure, it is important to monitor it nondestructively by either transverse tensile or in-plane shear testing. Of these two types of tests, the former is impractical in view of the coupon configuration. The most feasible approach is the in-plane shear test.
The importance of measuring several stiffness parameters has been recognized by other investigators and techniques have been used for measuring, in addition to axial Young's modulus, Poisson's ratio, in-plane shear modulus and transverse flexural modulus [11, 12] . However, only qualitative trend information was obtained for the last two properties.
This paper describes a method employing a modified three-rail shear fixture for the nondestructive monitoring of in-plane shear modulus during fatigue tes'ing.
DESCRIPTION OF FIXTURE
The fatigue coupons tested were standard straight-edge coupons, 2.54 cm (1 in.) wide and 23 cm (9 in.) long with 3.81 cm (1.5 in.) glass/epoxy tabs.
A balanced three-rail shear fixture was designed to fit over the fatigue coupon for determination of the shear modulus ( The fixture can be mounted quickly after removing the specimen from the fatigue machine. During assembly and disassembly the fixture with the specimen rests on a jig designed to prevent lateral movement during tightening or loosening of the Doits (Fig.3) . Before clamping the rails onto the specimen, Lrips of masking tape are dpplied on both sides of the specimen. This helps to increase the gripping action of the rails and protects the specimen surface from damage due to the clamping pressure. The latter becomes more important when using this shear test as a measure of damage development during fatigue.
TEST PROCEDURE
After assembly and mounting, the long center rail is attached through a clevis to the base of the testing machine, in this case to the movable piston of the electrohydraulic machine (Fig.2) . The extened outer rails are connect- The value of the in-plane shear modulus was determined as the initial slope of the shear stress versus shear strain curve:
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EVALUATION OF THE METHOD
The reliability of the fixture was evaluated by testing undamaged specimens using both the extensometer described before and strain gages. The latter were applied on the exposed test sections of the coupon at 45-deg. to the loading direction. Figure 4 shows shear stress versus shear strain curves for a [0/9021 s crossply graphite/epoxy laminate obtained by using the extensometer and strain gages. The agreement between the two curves is very satisfactory.
The value of the in-plane shear modulus for the crossply coupon tested must be equal to the ir,-plane shear modulus G 12 of the unidirectional material. The latter was measured by conducting a uniaxial tensile test on a 10-deg off-axis unidirectional coupon. This coupon was instrumented with a twogage rosette with the gage elements oriented at +45 and -45-deg with the fiber direction.
In this case, the in-plane shear strain referred to the fiber direction is equal to the algebraic difference of the two strains measured. The solid curves represent the behavior of the undamaged specimen, whereas the dashed curves correspond to the damaged specimen after 1,000 and 4,000 cycles under tension-tension (R=0.1) fatigue loading at a maximum cyclic stress of 85% of the static ultimate. The reduction in shear modulus at 1,000 cycles is due entirely to the transverse matrix cracking, which in this case reaches its limiting density (CDS level) after the first cycle. The additional reduction measured at 4,000 cycles is due only to the longitudinal matrix cracks developing at that point. Radiographs illustrating the damage after 1,000 and 4,000 cycles are shown in Fig.8 .
Although the initial in-plane shear modulus appears to correlate well with longitudinal cracking, the shear strain energy loss (the shaded area in 
